addition we also provide neutrino oscillation measurements where nuclear re-interaction effects 23 are significantly less important than for current accelerator experiments. This is the case because 24 neutrinos with energy around 25 GeV, which corresponds to the first maximal muon neutrino dis-25 appearance for up-going neutrinos, mainly interact via deep inelastic scattering [4] .
26
The higher energy also opens the possibility to search for tau neutrino appearance, as the high 27 tau mass suppresses the tau neutrino charged current (CC) interaction at low energies. While it has 28 been established that tau neutrinos do appear as the muon neutrinos disappear [5, 6], we have only 29 poor constraints on the τ row of the neutrino mixing matrix [7] in comparison to the e and µ rows 30 due to the lack of neutrino oscillation data where ν τ appearance can be observed.
31
Given the Earth's density profile [8] and the relatively large measured value of θ 13 [9, 10, 11, 32 12, 13], additional neutrino mass ordering dependent effects appear at around 5 GeV to 15 GeV for 33 core and mantle crossing trajectories [14, 15, 16, 17, 18] . While these effects have little influence 34 on the measurement of neutrino oscillations at the first maximum, they can be used to determine 35 the neutrino mass ordering if the neutrino direction and energy can be reconstructed with enough 36 precision and the sample sizes are large enough. While a 3σ determination of the neutrino mass 37 ordering is not within reach of the current IceCube detector it could be achieved with the proposed 38 IceCube-Gen2 PINGU detector.
39
In this talk we will discuss recent results on standard neutrino oscillations in the IceCube
40
Neutrino Observatory, and the sensitivity of IceCube-Gen2, a proposed augmentation of the current
41
IceCube detector.
The IceCube detector

43
The IceCube Neutrino Observatory [19] is the world's largest neutrino detector, with a total showers will emit most of the light close to the interaction vertex, and the observed event is roughly 55 spherical. When a muon is produced in the neutrino interaction it propagates through the ice 56 emitting Cherenkov light over a long distance, and the observed event is more elongated. These 57 two topologies are identified as "cascade-like" and "track-like", respectively.
58
For the energies relevant for standard neutrino oscillation analyses, the "track-like" sample will 59 be composed mainly of muon neutrino interactions, while the "cascade-like" sample will be more 
65
To measure the atmospheric oscillation parameters, we fit jointly the E ¢ cos θ z distribution,
66
where cos θ z is the cosine of the reconstructed neutrino zenith angle that determines L, for both the 
72
The result obtained with three years of detector data, using the approach of Feldman and 
76
For a more complete discussion of this result, please refer to Ref. [26] .
77
In addition to measuring for the ν µ disappearance produced by the ν µ 3 ν τ transition, Deep-
78
Core also makes it possible to search for the appearance of ν τ events in the "cascade-like" sample,
79
which enables performing an inclusive ν τ appearance rate measurement. This measurement is par- The afore mentioned study of ν τ appearance is currently underway in IceCube, however no 87 results are available presently. Using the same event selection as for the result discussed above,
88
we expect about 40% precision on the tau neutrino normalization, which would be comparable or 89 better than the currently available measurements of the tau neutrino appearance rate [5, 6]. 
The IceCube-Gen2 Phase1 upgrade
91
A significant enhancement of the ν τ appearance measurement, leading to a 10% precision on 92 the ν τ normalization, requires improvements to the detector. These will aid in the ν µ CC identifica-93 tion, in order to reduce the fraction of the "cascade-like" sample composed of misidentified ν µ CC 94 events, and in the reconstruction of those "cascade-like" events.
95
The IceCube-Gen2 Phase 1 upgrade proposal addresses these goals by augmenting the current 96 detector with seven new detection strings filling in a small fraction of the DeepCore sub-array, as 97 is shown in Fig. 4 . Furthermore, these new strings will be instrumented with multi-PMT optical 98 modules (mDOM), with smaller vertical spacing on the string to significantly increase the photon 99 detection efficiency in that region of the detector.
100
The additional optical modules deployed with the Phase 1 upgrade will contain new calibration 101 devices whose advantages are twofold: not only will they improve the understanding of the Phase 1 102 detector and related systematics, but the knowledge gained will also serve as motivation to re-103 analyse all data taken before the deployment of Phase 1.
104
The re-analysis of the data is particularly interesting in the context of neutrino astronomy.
105
The reason is that ice systematics are significantly limiting the angular resolution of highest energy "cascade-like" events, which makes looking for corresponding sources in electromagnetic channels 107 significantly more challenging. In the following, however, we focus exclusively on the impact of 108 the Phase 1 upgrade on the neutrino oscillation measurement discussed previously.
109
Employing the same techniques as in IceCube analysis, we expect a strong enhancement of the 110 precision at which we can determine sin 2 θ 23 and j∆m 2 32 j, and we expect better than 10% precision 111 on the measurement of the tau neutrino normalization. The expected sensitivity to both these 112 analyses is shown in Fig. 5 .
113
It is worth highlighting that we expect a $ 3σ exclusion of maximal mixing and of the second analogy to the muon neutrino disappearance analysis discussed earlier in these proceedings. While 127 the expected difference between these two cases is small, the change produces a distinctive pattern underway to improve the precision of our current results and also aiming towards the first tau 147 neutrino appearance measurement from IceCube.
148
Going beyond the current detector, proposed extensions to IceCube have a rich physics pro-149 gram. In particular, they will be able to significantly improve IceCube's sensitivity to the atmo-150 spheric neutrino oscillation parameters, to tau neutrino appearance searches and to the neutrino 151 mass ordering. With Phase 1, we expect to achieve a precision of better than 10% on the measure-152 ment of the tau neutrino appearance rate, which would greatly facilitate testing the unitarity of the 153 τ row of the PMNS matrix. PINGU will be able to make a 3σ determination of the neutrino mass 154 ordering within 4 years, independent of the true value of θ 23 .
